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Field of the ipvfintinn 

The present invention relates to a method for improving a sputter 
deposition process, e.g. a magnetically enhanced sputtering process. 
The term "improving" refers to improving the long-term plasma 
process stability, or to improving the coating homogeneity, or to 
reducing the machine downtime during sputter deposition. 

Background of the i nventing 
Problem of arning 

In a magnetron sputter deposition process (magnetically enhanced 
sputtering) an array of magnets, arranged in the form of a closed 
loop, is mounted behind the target. A magnetic field in the form of a 
closed loop is thus formed in front of the target and defines the 
sputtering zone. The magnetic field causes electrons from the 
discharge to be trapped in the field and travel in a spiral pattern, 
which creates a more intense ionization (plasma) and a higher sputter 
rate as compared to diode sputtering. A rotating cylindrical 
magnetron uses a cylindrical cathode as a target. In this 
configuration the cylindrical cathode rotates continuously over a 
stationary magnet array. The rotating cylindrical configurations have 
several advantages over a planar magnetron configuration such as a 
higher coating capacity due to a higher target material consumption 
and the fact that more target material is available, the possibility to 
use higher power densities and a lower arc rate in reactive processes. 
Despite a lower arc rate, arcing, however, remains a major problem, 
especially in reactive processes. During reactive sputter deposition, a 
reactive gas (such as 02 or N2) is introduced into the sputtering 
chamber next to the inert gas in order to form a dielectric layer (an 
oxide or nitride) onto the substrate. A drawback, however, is that the 
dielectric layer intended for the substrate is also formed onto the 
target surface and especially on areas next to the race track. In case 
of a rotatable target, the zones next to the racetrack which are not 
sputtered are called the end zones. 

In the rotating cylindrical magnetron assembly, the target (cathode) 
is rotated continuously over a stationary magnet array so that a new 
portion of the target is continuously presented to the sputtering zone. 
This implies that the target erosion zone comprises the entire 
circumference of the cathode. In other words, the target is 
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,717? C,9an9d " y P ' aSma «"» «»• - — Ceyonc 
he sputtering zone). This impliea ,ha, ,he bulid up o, a dielectric 
layer only occurs at the end zones of th* ,«„ ° a ' e ' eotr,c 
n„« .„ k ^ rotating cylindrical target 

H- M .o a certain ievel, the charge JZ^JZ, 
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leads ,o higher target materia, consumption a, the race tZ*. 

The pnor ar, has provided cylindrical ,arge,s in the form o, a 
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in continuous sputtering o, e.g. an ITO (Indium Tin Oxide, sputtering 
* go, m an atmosphere of an argon oxygen mixture, a blacTmaZ 
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.nsu,a„ng nature. These nodules cause arcing during sputtering 1 
are a source ot inhomogeneities and particles in ,„e JJZ]^ 
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film. For acceptable operation, once the nodule formation and thus 
the arcing and reduced sputter region has become too strong, the 
sputter process has to be discontinued and the nodules have to be 
removed mechanically before restarting. 

US-A-6,1 06,681 discloses a method for cleaning an ITO sputtering 
target. Prior to sputtering or during standstills, the ITO sputtering 
target is subjected to multiple-oscillation ultrasonic washing, or 
alternatively, an adhesive tape is stuck to the surface of the ITO 
sputtering target. 



Summary of the invention. 

It is an object of the present invention to avoid the drawbacks of the 
prior art. 

It is a second object of the present invention to improve the long- 
15 term plasma process stability. 

It is a third object of the present invention to improve the coating 
homogeneity on the substrate. 

It is a fourth object of the present invention to reduce the machine 
downtime during sputter deposition. 
20 It is a fifth object of the present invention to further reduce arcing. 

It is a sixth object of the present invention to reduce groove 
formation on a target. 

According to a general aspect of the present invention there is 
25 provided a method for improving the sputter deposition process. The 

method comprises the following steps : 

a) providing a vacuum ; 

b) providing an electrode in the vacuum ; 

c) providing a substance in the vacuum, this substance is in relative 
30 motion to the electrode and is in contact with the electrode over a 

contact zone ; 

d) the substance removes material from the electrode or applies 
material to the electrode. 
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The substance may be a liquid, e.g. zinc or tin present in a bath, or a 
solid device. 
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The relative motion between the substance and the electrode and the 
contact between the substance and the e.ectrode may be continue s 
or be interm ittent. 

This method is advantageous in several respecs. The method is 
Simple, indeed the method is carried ou, by means o, a simpie 
mechanism. There is no need fo, complicated electronics or 
sophisticated control algorithms. Moreover, the method Is carried ou, 
■n vacuum, i.e. during th6 sputter deposition process, so that the 
machine downtime is reduced. 

The electrode may be a cathode, tor example, a cylindrical ,ar 9 e, 
whrch functions as cathode. The advance e, a cylindrical target in 
e context o, the present invention is tha, the contacting devi e may 

tZZr" 0y " nC,r ' 0a, ' ar96 ' r0 ' a,M - Du ""° «-•»» * «*. 
cylmdnca, target, the device may continuously remove or add 

material to the target. 

.ube e, rri ma b a,so 68 an anode: 71,18 an ° de ™ b ° * 

tube, wh.ch may be rotatabie and whfcm may rotate, bu, can also be 
he vacuum chamber wall or a shield. ,„ the latter case the device 
has ,o move w„h respect to the stationary vacuum chamber. 

In a first embodiment of the Invention, materia, is removed from the 
electrode Here the device preferably has a hardness, which is 
greater then or equal to the hardness of the target or par. thereof 
in a second embodiment o, the Invention, material is added to the 
a actrode. Here the device preterably has a hardness, which is less 
than or equal to the hardness o, the targe, or par, thereof. 

Various alternatives are also possible with respect to the contact zone 
between the etectrode, mostiy the target, and the device. 
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In a first alternative the contact zone overlaps with the end zone, e.g. 
covers the end zone, e.g. is equal to the end zone. The end zone is 
the zone which is not sputtered. 

In a second alternative the contact zone overlaps with the zone of 
5 racetrack return, e.g. covers the zone of racetrack return, e.g. is the 

zone of racetrack return on the target. 

In a third alternative the contact zone overlaps the erosion zone, e.g. 
covers the erosion zone, e.g. is the erosion zone. The erosion zone is 
the of normal target consumption, also the zone of straight 
10 racetracks. 

Amongst others, the third alternative of the invention is particularly 
useful for ITO - indium tin oxide - targets. 



15 

Brief description of the drawings. 

The invention will now be described into more detail with reference to 
the accompanying drawings wherein 

FIGURE 1 A is a cross- sect ion of a cylindrical target ; 
20 - FIGURE 1 B is an upper view of the cylindrical target of FIGURE 

1A; 

FIGURE 2 illustrates a first example of the invention where 

material is applied to end zones of a target ; 

FIGURE 3 illustrates a second example of the invention where 

25 material is removed from end zones of a target ; 

FIGURE 4 illustrates a third example of the invention where 
material is applied to zones of race track return of a target ; 
FIGURE 5 illustrates a fourth example of the invention where 
material is applies to both the zones of race track return and 

30 the end zones of a target ; 

FIGURE 6 illustrates a fifth example of the invention where 
material is removed from an erosion zone of a target ; 
FIGURE 7 illustrates a sixth example of the invention where 
material is removed from a rotating anode. 
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FIGURE 1 A is a cross-section of a rota ing cy indr ic^Il^n" „• . 
rotates around a stationary magnet assembly ^ e ' a / 
assemb.y resu.ts in a magnetic fie.d 13. ^ 
FIGURE 1 Bis an upper view of the taroet 10 T h» 

aia.er.al „ s pu r: 1 °' 7,1,8 ~" 14 * ' he '•"» — • 
m 1*. racetrack ,4 defines three ^ Qf ^ ^ ^ ^ 

rnr,a y a p „ 8 ;L zone ,orms ,ne mai ° r a - d * — 

zone 16 and corresponds ro the straight parts of the racetrack 14 ,„ 
ros,o„ ,one ,e, consume 0 , tne tarfle , ma , er(al j * 14 ' '« 
sputter.ng is substantially equal 

15 . A ,:r: d 2 r,r z ::z r ,ound - ,ha aad — - - — 

a zone 18. In the end zones 18 no (or very little) taroet 

r:r ,~ awa " in ° ,her » ^ : ~ 

consumed in the end zones 18 

lonaer tlm* 1 underneath the plasma for a 

cnger time as compared to the erosion zone 1 6. This .eads to hinh 

r :::r o— r ,n ,ha - - ~ — - - 

Example 1 

o z: :srrr — ; :rr on whara > 

- and , or right be,, „ke b ~ 

respeotive,y ,he - and ** 

rotating target 10. The belt like material 22 22 . ca „ h . . , 
can exercise a to and f,o movement Thl - " ary ° r 

! material 22 pp. „ ° m<JV9mem - T"a "«oer side of the belt like 

ha^nT * P 6d 8 °° ndUC,in « male «a, with a lower 

nardnessthan the materia, of the ,ar 8 e, 10. On rotation ofthe ta^e, 



10 and due to the lower hardness of the conducting material, a layer 

of this conducting material is applied to the complete circumference 

of the end zones 18. As a result, the arc sensitive area is kept in a 

conducting state. No charging up occurs. Arcing is avoided. 

As a matter of example, the target 10 may be of aluminum, zinc or 

tin, and the belt like material 22, 22* may be provided with graphite 

blocs. 

Exam pie 2 

FIGURE 3 Illustrates a second example of the invention where 
material is removed mainly from end zones 18 of a rotating cylindrical 
target 10. Appropriate blade, knifelike or scraping devices 24, 24' are 
provided with a hardness equal to or higher than the material of the 
target 10. These devices 24, 24' contact resp. the left and the right 
end zones 18 of the target 10. On rotation of the target 10, thin 
layers of material of the target 10 are removed. As a result, build up 
of unwanted dielectric material in the end zones 18 is reduced, if not 
avoided. In this way the risk for charging up and the related risk for 
arcing is reduced. 

As an example, the material of the target 10 can be zinc and the 
contacting surface material of the devices 24, 24' can be wolfram 
carbide. 

Example 3 

FIGURE 4 illustrates a third example where material is applied to 
zones 20 of racetrack return of a target 10. Rolls 26, 26* are applied 
respectively to the left and right zones of racetrack return 20, for 
example by means of a spring system (not shown). The surface of 
rolls 26, 26' may have a linear speed which is different from the 
linear speed of the surface of target 10, so that there is a slip 
between the rolls 26, 26' and the target 10. The rolls 26, 26' are 
provided with a material of lower sputter rate and of lower hardness 
than the material of the target 10. On rotation of the target 10 and 
due to the lower hardness of the material on the rolls 26, 26', 
material is applied to the complete circumference of the target 10. 
Due to the lower sputter rate of the applied material the sputter rate 



a. the zones „, racetrack return 2 o stews down and the 8 rccve 

form atlon Is reduced or avoided. 

Asa matter „ examp , 6i , he targe( 1() ^ 

silicon, and the rolls 2r ™« . titanium c 

surface. " 6 PrOVided Wlth graDhite on their 



surface. 
Example 4 



Example 4 ie a combination of exampte 1 and exampie 3. FIGURE 5 
."la fourth exampie where materia, ie appHed to bet the 
zones o, racetrack return 20 and the end zones 18 o, a cyHndrtoa, 
ro*„„ 9 ,ar a e, ,0. The application o, the materia, may b done y 
means of two rolls 28, 28'. 

Example 5 

FIGURE 6 illustrates a fifth example where materia, is removed trom 
e eros.cn zone 18 o, an ,TO target 10. A scraper 30 contacts he 

hereabove, the surface of the ITO target shows the presence of 
noddies 3a, which mav cause arcin 3 or inhomogeneLlThe 
puttered coating. The soraper 30 removes the nodules 32 upon 
rotation of the I TO target 10. 

Example 6 

FIGURE 7 illustrates a sixth exampie where materia, is removed from 
a otalmg anode 34. Next to a cathode ,ar g e, ,o two rotating 
cylindrical anodes 34 are prov,ded. Brushes 30, a.- rub agZ, 

rrr ,ne ,an and ,h9 " 9M anoaes **■ 

the whole crcumferentta, surface o, the anodes 34 are cleaned Build 
UP o dielectric materia, on the anodes 34 ,s avoided. The result * 
fna, the anodes continue to function and d0 no, disappear 

steel and the brushes 36, 36' can be made o, high carbon steel. 
Example 7 

in a seventh example, the electrode (either a cathode or an anode) 
may be a cylinder which rotates partial,, in a bath „„h a „ q u,d 



substance. During rotation substance of the bath is fed to the 
electrode. 

Alternatively, the bath is located above or adjacent to the electrode 
and a brush may fed predetermined or controlled amounts liquid 
substance out of the bath to the electrode. 
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CLAI MS 

1 . A method for Improving the sputter deposition process, 
said method comprising the following steps : 

a) providing a vacuum ; 

b) providing an electrode in said vacuum ; 

c) providing a substance in said vacuum, said substance being in 
relative motion to said electrode and being in contact with said 
electrode over a contact zone ; 

d) said substance removing material from said electrode or 
applying material to said electrode. 

2. A method according to claim 1, wherein said material is a solid 
device. 

3. A method according to any one of the preceding claims, wherein 
said electrode is a cathode. 

4. A method according to claim 3, wherein said cathode is a 
rotatable cylindrical target. 

5. A method according to any one of claims 1 to 2, wherein said 
electrode is an anode. 

6. A method according to claim 5, wherein said anode is a vacuum 
chamber wall or shield. 

7. A method according to claim 5 wherein said anode is a rotatable 
cylindrical tube. 

8. A method according to any one of the preceding claims wherein 
said device has a hardness, which is greater than, or equal to the 
hardness of the electrode or part thereof in order to remove 
material from said electrode. 
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9 ' 217 T"'" 9 ,0 an/ one °' c,aims 1 ,o 5 «* 

de.ce has a hardness, which Is smaller than, or ec.ua, ,o the 

10.A method acccrd,ag , 0 any one of claims 1, 2, 3, 4, 8 and 9 
whe,e,n said contac zone overtops with said end. 

n.Amethodaccordingtoanycneofdalmsl.s.a,* 8 9 and ,o 

— con.ec zone overlaps with said zone o, race trac* reruT 

12.Am ethodaccort|inotoan)(oneofcia . m 

- where, eald target has an erosion zone and whe^ 'sal 
contact zone overlaps with said erosion zone. 

18. A method according ,„ Cain, , 2 wherein said targst „ a „ , TQ 
14. A method according to any one of the preceding Cairns wherein 

:::r ance is ' n,ermi,,e " t,yin - 

sa,d substance ,s mterm ittently ,„ contac with said elecrode. 

1 6. A method according ,o any one of claims ,,013 wherein said 
substance is co„„„„ ous , y ln re|at|ve motion ^ £~ 

1 7. A method according , 0 any one of Caime wherein said substance 

continuously In contac with said elecrode. 
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ABSTRACT : 

A method for improving the sputter deposition process is provided. 
The method comprises the following steps : 

a) providing a vacuum ; 

b) providing an electrode (10, 34) in the provided vacuum ; 

c) providing a substance (22, 22', 24, 24', 26, 26', 28, 28', 30, 
36, 36') in the vacuum. The substance is in relative motion to 
the electrode and is in contact with the electrode over a 
contact zone. 

The substance removes material from the electrode or applies 
material to the electrode. 

The method is carried out by means of a simple mechanism. There is 
no need for complicated electronics or sophisticated control 
algorithms. The method is carried out in vacuum, i.e. during the 
sputter deposition process, so that the machine downtime is reduced. 
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